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SU144ARY

power-plant installation In a fighter
atrpkae have been Investigated in the NACA Cleveland altitude
wind tunnel. Revisions to the Instdd.ation included: (1) a
revised boundary-layer removal duct, which reduced the thlclmess
of the fuselage boundezy layer approximately 60 percent; (2) a
redesigned nacelle Inlet, which eliminated the high negative
pressures that occwred on the lips of the or~ginal inlet and, when
used In con$mctlon with the revised boundary-~er removal duct,
increased the avera~ pressure recovery at the compressor inletO
approximately 16 percent; and (3) revised cooling-air seals, which
reduced the amount of cooling air flowlng through the nacelle
approxlmtely 75 percent without causing exceeslve nacelle
temperatures. The replacement of one of the cmlglnal nacelles
by the revised nacelle reduced the uncorrected airplane drag
coefficlent approxlmtely 0.0026 at a Mach number of 0.45.

INmcmcTIoN

An investigation of the characteristics of a fighter
airplane has been conducted by the N.!fiWlat the requeet of the
Air Technical Service Cozcmmd, Army Alr Forces. The reseerch
program included clean-up tests (unpublisheddata) and stabil-
ity and cmtiol tests (reference 1) made In the NACA hngley
full-scale tumpl. An investi~tlon & the aerodynamic charac-
teristics of the power-plent installation in the Cleveland
altitude wfnd tumel Is diecussed in this report. The
results are of general interest for inetallatione that have
double side fusela,geinlets.
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The original power-plad installation was tested and the results
& these tests indicated several possible causes nf unmcessary drag
and low pressure reccwery at the compressor inlets. mu follawing
revisions wctrethsrefore made and tested:” (1) Thu fuselag~ buundary-
layer rwmval duct was revised to reduce the internal duct 10SI36S;
(2) the nacelle-inlet lips wero redesigned to reduce the high nefla-
tive pressure peaks that occurred over the original inlets; and
(3) the en@ne cooliu-air seal was revlmed to reduce the mount of
cooling ai; fluwing p~st the engine.

SYMBOL5

The folluw!.ngsfibols - u~ed in ‘de jnvestlgation:

‘o

c

CD

ACD

D

Fc

H

M.

P

P.

Qb

Qc

qc

do

R.

speed of sound in free-stream air, feet per secmd

wing root chord,-10,67 feet

bag coefficient, ~-
0

increm~nt of &ag coefficient

drag, pounds

cmqn’esslbilityfactor

total pressure, pounds per squure foot .Nwcluto .

free-stresmklach number (vo/ao)

lccd static pressure, pounds per square fo~t absolute

free-streum”static pressure, pounds per sg~are foot
absolute

boundary-1.~er air flow, cubic feet per eeccmd

cooling-air

fr9e-streem
foct

free-streem
foot

free-stream

flow, cub:c feet per’second

impdct pressure ~c$~~, po~”s per square

dynamic pressure
(3’0’3

pcmuilsper square

s

()

Pov@n . . .

Reynclds number —
V. .

. . . .
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“B “--.“W* ‘aderi”;383 s@lare feet ‘
!’

vi velool* bf air entering naceUes, feet per t3ec-

v~ free-dream velooity, feet per t3emnd

V1/Vo naoelle-lnl.etvelooi* ratio

H - PQ.to~.pessti coefficient
qo

P - PO
qo

static -premeure coefflctent

famo

a

IJ

P

air-flow coeffIolent

angle of attack aP thrust EU18 relative to free-stmti flow
direction, degreeO

absolute viscosity, pound-second per square foot

mea density of air, elugs per cubic foot

CONJ!’ICXIRATICXJSAll INS~TION

The YP-5~A fighter airplane is powered by two ~et-propulsion
engines, each having a rating at sea level of 1650 pounds etatlc
thrust at an engine speed of 16,500 - and an air consumption
of 34 pounds per second. The installation of the full-scale
test airplane In the altitude wind tunnel is shown In figure 1
with the tail surfaces removed.and the en@ne nacelles faimd.
Tests were conducted using the cdglnel confl~tion and a
remised configuration, which Includes: (1) a revised boundary-
layer removal duct, (2) redeelgned naceUe inlets, and (3) revised
engine cooling-air seals.

Boundary-Iayer Remuval Duct

B?elimlnary teats indioated that the original boundary-layer
rsanovalduet (fig. 2 (a)) dld not maaove a sufficient quantity of
the luw energy alr in the boundary layer beoause of high energy
losees oaused by approximately 270° of betis and flow restrictions
in the duct. The revised boundary-layer removal duct (fig. 2 (b))
extende directly baok from the inlet followlng the lower contour
of the naoelle and dlschar~s behind the engine baffle.
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A Jet au@uenter Included In the revised deeign (fig. 3) pumped
air fra the rear nacelle oomprtment Into the tall pipe, thus
acting as a pump for the revised boundary-l~er removal duet,

Total-pressure rakes were Installed at the entrance to the
boundary-lqer removal duct. These rakes wqre used in coq)uncticm
with the nacelle-inlet rakes to measure the”thickness.aP the fuse-
lage boundary layer. Instrumentationwas provided at the duct exit
to measure the quantity of air flowing through the duet.

Nacelle Inlets

A omparison d the original and revised nacelle inlets Is pre-
sented in figure 4. StatIons and ordinates of the revised lip con-
tours for the sections shown in figure 4 are given in table I. In
order to Mprove the flow characteristics of the nacelle Inlets, the
Inlet velocity rutio was increased by reducing the area of the inlet
frau2,7 sqwe feet to 1.8 squ=e”feet; in order to Improve the
pressure recovery at hi@ angles af attack, the plane of the Inlet
was tilted at an angle of 8.5° with respect to we thrust axis us
ccmpnred with 5° for the original Inlet.

Instrumentation was provided pt the left nacelle Inlet to
measure the static-pressure and total-pressure distributions and
the temperature of the entering dr. Flush orlflces were Installed
on the lips of the right nacello Inlet to measure the surface- m
pressure distr~butlon at suctions Atc.E (fig. 4).

Engine Cooling-Air Seals

A seal restricting the flow af ooollng air for the tail p~pe
and the rear of the nacelle Is located $ast behind the rear ccmprea-
sor inlet. The original seal extended only to the perimeter of the
engine, thereby leaving an annulus between the engine and the nacelle
throu@ which an excessive amount of cooling air flowed. As a means
of reducing this airflow and Its consequent internal drag, the
revised seal was extended to the inner surface & the nacelle and
engine cooling was provided by air lenvlq the boundary-l~er duct
exit and two ducts cd?5 square inches each placed in the seal at the
top of the engine between combustion chambers 2 and 3 and 8 and 9.
Inst~entat@n was provided In these ducts to measure the quantity
of cooling air. .

.
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Power-off tists were made with the engine nacelles falred to
determine a referenoe drag value for drag measureiwnts obtahsd f= “ -
the two nacelle configurations. .

Power-on tests wsde made for the orlglnal and revised mnfig- -
urations. The.tests were tie at pressure altitudes fmm 5000 to
30,000 feet,.velocities from 100 to 390 miles per hour, engine sgeeds
frcm 13,675 to 16,410 rpn, and angles of attaok of 0°,.2°, and 8 .

Beoause the wind-tunnel refrigeration equipmentwas nqt com-
pleted when these tests were oonducted, altitude tergperaturescould
not be simulated.

RE6ULT8 AIVDDISCUSSICIW

lhterml Air Flow

The Inlet veloclty r8tlos of the o%iglnal and”revised nacelles
at various free-s&earn velocities are shown in figure 5. The ccan-
blned effect of the decrease In nacelle-inlet area and the deorease
in the flow of engine cooling air with the revised configurationwas
to inorease the nacelle-inlet veloclty ratio at the high speed of
the airplane (595:ft/sec)from Q.53 for the original configuration
to 0.58 for the revised configuration. The inlet voloclty ratio at
the high-speed condition of the revised zxzcelleis close to the
optimum value of imlet veloci~ ratio given in reference 2 as 0:60
for this ty-peof inlet.

~ical total-peesure profiles at the Inlet to the original
nacelle exe shown in figure 6 fcm various inlet velocity ratios,
kch numbers, and Reynolds pumbers. It is apparent frcauthese sur-
veys that at the low inlet velocity ratios, the boundary-layer
ramdval duct was not ?%movlng all of the fuselage boundary layer
with the result that soreslow ener~ air entered the engine air
inlet. Tuft surveys made at conditions corre~ponding to high-speed
flight showsd separation and reversal of flow in the boundary layer
bad of the inlet. Total-~essure profiles at the inlet to the
revised naoelle (fig. 7) show”that at inlet velooity ratios as low
as 0.50 practically all of the boundary layer is rsmoved by the
boundary-layer ~emoval duct.

The average total-pressure coefficients obtained for the orig-
inal and revised engine air inlets are presentid in figure.8 fa
Various inlet velocity ratios. High losses were encountered at the
inlet of the aiglnal naoelle fcm Inlet velooity ratios below 0.60

1 .— — --- ..
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(fIg. 8(a)). ‘Sufficientremoval of the bcmdary layer at the inlet
to the retised nacelle decreased the total.-preesuro losses to approx-
imately 0.01 qc over the entire range of inlet velocity ratios—-..
tOStOd (ff B.8(b)).

Tho etfect of inlet velocity ratio on the thickness of the
boundaq layer tithe plane of the Inlet may be seen In figure 9.
Boundary-layer thickness Is defined as the distance Xrcm the fuse-
l~e to a point at vhich the tctul pressure is equal to free-stream
total pressure. The ticrease in bmdary-layer thickness at inlet
velocity reties of less than 0.8 for the ori@nal confi~tion 18
attributed to separation of @ flow ahead of the inlet. These.
curves show that the boundc~-la~er thickness has been reduced frcm
approxhuately 8 inches for the original configuration to approximately
3 Inches for tho revised configuration at
of the airplane.

Total-pressure profiles at the exits
boundary-layer removal ducts cre shmrn in
sure of the air leav~ the original duct
that of the alr leavlng the revised duct.

tho-high-speed condition

of tho original and revised
figure 10. Tha tot~ proS-
was appreciably less than

A comparison of the efficiencies of tho original and revised
boundary-layer removal ducts Is shown In figure 11, in which the
total-pressure drop coefficient Is plotted against air-flow coeffi-
cient. For a given total-pressure drop coefficient, the air-flow
coefficient of the revised duct was approximately four tlncs the.tof
the orl@nal duct.

The varlatlon of the static-pressure coefficient at the exit
... of the retisod boundary-layer duct with nacelle-inlet velocity ratio

i&l shown in fi@re 12. For inlet velocity ratios corrospondlng to
“high-speed flight, these curves show that the static pressure at the
extt of the duct was approxlmatoly equal to free-stream static
pressure.

The .variatlon.ofcooling-air flow with inlet velocity ratio is
shown In flguro 13. The coolirqyalr flow with tho original config-
uration ticroased very rapidly as inlet velocity ratios correspond-
ing!to high-speed flight were approached. The coollng-air fluw wns
reduced to approxlmatdy one-fourth of the original quantity when
the revised cooling-air seals were installed without causing exces-
sive nacelle temperatures.

The average total-pressure coefficients at the front and IWCr
Inlets of the compressor are plotted against nacelle-inlet velocity
ratio In figure 14. At the hl.gh-speedcondition, the avcrege totd.-
pressuro coefficient of the front and rear compressor inlet~ was
approximately 16 porcont higher for the revised configuration than
for tho or13inal conflguraticm.
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Typical total-preesum distributions around the front and rear
ocmpressor inlets for the original and revised configuration are
sh~ in”figures 15 and 16, mspectlvely. The pressure recavery at
the Inboard side at.the englntm Is low because the eccentric loca-
tion & the engines in t@ naceues caused greater pressure losses
in the path through which the alr passed to reach the inboard side
of the e~lne intakes., .

.,.

External Air Fl~

Surface~pressure distributions over the f:ve sections of the
original and revised nacelle inlets shown In-figure 4 exe presented
in figure 17 for various Inlet velocity ratios at angles of attack
af’0° and 2°. These surface pressures, which extend to 9 percent
of the len@h of tho nacelle, have been corrected for wi~d-tunnel
constriction effect. .

The data In figures 17(a) and 17(b) show tht high negative
pressure peaks acurred on all sections of’the original riacellelips
and that the adverse pressura gradients behind these peaks wwre very
high In most casGs. At the high-speed Inlet velocity ratio (0.53)
the maximum negatlvo pressuro coefficient is approximately -1.13
at an angle of attack of 0° and approx3matel.y-1.82 at 2°:

The modifications to the lnl~t elhlnatul the pruss~ peaks
that occurred over the llps cd’the original inlet (figs. 17(c) and
17(d)). The =imum ncgativo prossuru coefficlunts measured over a
range of Inlet velocity ratios tested was -0.29 at an an@e of
attack of 0° and -0.22 at 2°. The large reauction In the negative
pressures resulted frczuthe tiproved contour cd’the revised nacelle-
lnlet lips.

Nacelle Drag

The drag of the airplane is considered the difference between
tliecalculated net engine thrust and the resultant force on the
airplane as measured by the wind-tunnel scales. The variation of
&agcoefflcient with Reynolds number for several conflguYatlon8 is
shown in figure 18. me drag coefficients are batiedon uncorrected
wind-tumnel data. These data, cross-plotted In figure 19 for a
Remolds number of 10,000,000, show that removing the falrings from
one of the origlnJ# nacelles increased the drag coefficient 0.0052
at a Mach number of 0.45. When the original nacelle was replaced
with the revised nacelle, the drag coefficient reduced 0.0026.

.. -.— —— -. . —- .—— — ——
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Frau altitude-wind-tunnel tests of the power-pleat installation
of the fighter airplane conducted to investigate the aer~cs
of the original canflguration and a revised nacelle conf@uration}
the following results were obtained:

1. The revised boundary-layer remaval duct reduced the thickness
of the fuselage boundary layer in the plane of the naceUe inlets
approximately 60 percent at the high speed af the airplane.

2. Use of the revised nacelle Inlet and boundary-layer removal
duct increased the average total-pressure recovery at the compressor
inlets approximately 16 percent over the pressure reccwery with the
original configuration.

3. The revisions to the nacelle Inlets eliminated the high .
negative pressure peaks that occurred over the lips of the orlgiti
inlets.

4. The revised cooling-air seal reduced the quantity of cooling
air apprtimately 75 percent without causing excessive nacelle ,
temperatures.

5. When one of the original nacelles was replaced with the
revised nacelle, the uncorrected airplane drag coefficient reduced
approximately 0.0026 at a Mach number of 0~45.

Aircraft Ihgine Research Laboratory,
National Advisory Ccamuitteefor Aeronautics,

Cleveland, Ohio.

1. Hrewer, Gerald W.: ~ey FUIJ.-Sc8le-~el
Control !lMstsM the Bell YP-59A Ah@ane.
Army Air Forces, Jan. 18, 1945.

Stability and ‘
NAM MR No. L5A18,

2. ~th, Normm F., and Baals, Donald D.: Wind-Tunnel Investi@-
tlon of a High-Critical-SpeedFuselage Scoop bcluding the
I!Yfecte of Bou+ary Iayer, NACA ACZlNo. L5BOlA, 1945.
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TABLE I - REVISEO IQACELLE-ZNLETLIP ORDINATES

[X$ inside ordinate; Y, outside ordinateI
Station
(in. fron
leading
edge )

o
.10
.20
.30
.40
● 50
.62
.75
.8s

1.00
1.25
1.75
2,50
3.25
4.00
4.75
5.50
6.50
7.50
8.50
9.50

10.50
12
14
16

;:
22
24
26
28
30
32
34
36

Section A

x

D
-.62
-.91
----
----
----
----
----
----
----
----
----
----
----
----
----
----
----
----
----
----
----
----
----
----
----
----
.---
--c-
----
----
----
----
----
----

Y

0
.60
.73
● 93

1.10
1.24
1*4O
1.54
1.68
1.83
2.07
2.44
2.98
3.38
3.75
4.08
4.39
4.76
5.13
5.50
5.85
6.19
6.65
7.25
7.82
8.35
8.85
9.33
9.78
----
----
----
----
----
----

Section B

x Y

o
-.31 0.45
-.44 ● 68
-053 .8S
-060 .99
-066 1.11
-.72 1.25
-.78 1.38
---- 1.49
---- 1.59
---- 1.80
---- 2.14
--”- 2.58
---- 2.98
---- 3.34
---- 3.70
---- 4.02
---- 4.40
---- 4.76
---- 5.10
---- 5.40
---- 5.70
---- 6.10
---- 6.64
---- 7.15
---- 7.63
---- 8.08
---- 8.52
---- 8.95
---- 9.36
---- 9.77
---- 10.18
---- 1o.59
---- 10.98
---- 11..36

Gx=l
x

0
-.27
-.3’7
-’.44
-.49
-.53
-*56
-.59
-.61
-.62
-.65
-.68
-.69
-.69
-.65
-.62
-.58
-.51
-.43
-.32
-.22
-.11
.07
.32
.60
.87

1.17
1.45
1.55
2.05
2.35
2.66
2.96
3.29
3.62

y-

0
● 37
.53
.66
.7’7
.88
.99

1.09
1.19
1.27
1.44
1.73
2.07
2.38
2.65
2.88
3.10
3.36
3.60
3.83
4.05
4.24
4*53
4.%7
5.19
5.44
5.68
5.88
6.07
6.27
6.44
6.69
6.75
7.91
8.05

Section D

x

o
-.31
-.44
-.53
-.58
-.63
“.68
-.72
-.74
-.77
-.80
-.84
-.85
-.83
-.81
-.78
-.74
-.66
-.56
-.44
-.32
-.18

● 03
.35
.69

1.06
1.42
1.80
2.1!3
2.59
2.98
3.39
3.81
4.22
4.65

Y

c).
.39
.58
● 73
.84
.94

1.06
1.16
1.24
1.34
1.50
1.77
2.15
2.48
2.80
3.08
3.34
3.65
3.92
4.16
4.38
4.58
4.86
5.20
5.50
5.80
6.06
6.30
6.53
6.76
6.97
7.16
7.35
7.51
7.68

Section- E

x

o
-.60
----
.-*O
----
----
----
----
----
----
----
----
----
----
----
----
----
----
----
----
----
----
----
----
----
----
----
----
----
----
----
----
----
----
----

I

—.u--- -–Reference llne

x

o
.62
●9O

1.10
1.29
1.45
1.60
1.75
1.87
1.98
2.18
2.49
2.85
3.14
3.39
3.59
3.77
3.97
4.17
4.35
4.51
4.65
4.87
5.12
5.36
5.57
5*75
5.91
----
----
----
----
----
----
----

v A

I
+

Reference lines parallel to thrust axis

NATIONAL ADvISORY
COMMITTEE FOR AERONAUTICS
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Figure I. - Front view of fighter airplane with engine nacelles enclosed in fai rings 4

and mounted in altitude wind tunnel.
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/“
(a) Original boundary-layer removal duct.

2. - Cutaway view of boundar)f-layer rernova~ duct and nacelle inlet of fi9hterFigure
airplane showing-air-flow path through boundary-layer removal duct.



(b) Revised boundary-layer removal duct,
I

Figure 2. - concluded.
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Figure 3. - Jet-augmenter installation in fighter airplane showing direction of air

flow through augmenter.
I
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Figure 4. - Comparison of original and revised nacelle inlets of fighter airplane :
showing sections at which surface pressures were measured. (Ordinates for sections ~
shown are presented in table I.) 1-
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ConfZgura tion Mngl 2e
spee 1

1.8 (rpm)
o Rewised 16,410

\ 3 Rewised 13,6 L5

o Origlna1 16,4 10

Q Or Iglna1 13,6 15
1.6

01.4
<4
> )1
0“
4
w
: 1.2

h
2
0
0
14

: 1.0 , L
@ \
al
~

\

.0

.6,

● 4
100 200 300 400 500

Free-stream velocity, Vo, ft/sec

Figure 5.- Variation of nacelle-inlet velocity ratio with
free-stream velocity of fighter airplane at
angle of attack of 20. -

1111mihmllll II II I I I II ‘ I 11111111 1 m



(a) Inlet velocity ratio,
0.45: Mach number, 0.46;
Reynolds number, 8.6 x 106.

.

Figure 6. - Total-pressure
plane at angle of attack

.... ......>... qc

(b) Inlet velocity ratio,
0.514; Mach number, 0.~2;
Reynolds number, 13.7 x 106.

(c) Inlet velocity ratio,
0.74; Mach number, 0=27:
Reynolds number, 14.5 x 106. =

a

NATIONAL AOVISORY
COMMITTEE FOR AERONAUTICS

distribution at original nacelle inlet of fighter air-
=
0

of 2Q9
●
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(a) Inlet velocity ratio,
0.50; Mach numoer, 0.49:
Reynolds number, 9.5 x 106.

(b) lnIet velocity ratio, (c) Inlet velocity ratio,
0.65: Mach number, 0.42; 0.80; Mach number, 0.80;
Reynolds number, 15.3 x 106 Reynolde number, 6.1 x 106.,

NATIONAL ADVtSORY
COWITTEE FOR AERWAUTICS

Figure 7. - Total-pressure distribution at revised nacelle inlet of fighter air-
plane at angle of attack of 2°.
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Angl(> of
attack
(de,3)

● 00
❑ 2

/

)
(a) Original configuration.

. .8 1.2
Inlet veloclty ratio, V@.

1.6 2 0

(b) Revised configuration.
Fimre 8.- Variation of average total-pressure coefficient

=t naoelle inlet with nacelze-inlet velocity ratio of
fighter airplane.
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Conf:.gura;ion Angl Reyn >lds
num’>er

o 0 13.5 x 10’>
D 2 13.5

0 8 7.0

Q 2 ‘ 5.9

>

v

c

8

4.

1111111

I

b

I
{

o .
.4 . . .

Inlet veloclty ratio, Vi/v.
Figure 9.- Variation of fuselage boundary-layer thickness

with nacelle-inlet velocity ratio of fighter airplane.
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(a) Original boundary-layer duct exit: nacelle-
inlet velocity ratio, 0.53: free-stream Mach
number, 0.30; free-stream Reynolds number,

11.25 X 106.

(b) Revised boundary-layer duct exit: nacelle-inlet
. velocity ratio, 0.50: free-stream Mach number,

0.Q9: fkee-stream Reynolds number, 9.5 x 106.

Figure 10. - Total-pressure distribution at exits of original
and revised boundary-layer ducts of fighter airplane at

angle of attack of 2°9
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I (de,z)
O Re’?Ised
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2
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—

Air-flow coefficient, Q@O
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